Introduction
Ion transport across the cell membrane plays a crucial role in fundamental tumour cell functions [1-3], such as cell volume regulation [4, 5] , migration [5] , cell cycle progression [5, 6] , cell proliferation [5, 6] as well as cell death [4, 5] . All those functions are critically important for tumour cell survival and metastasis [1] . Moreover, ion channels participate in the regulation of other cell functions again relevant for migration [7] , and thus metastasis. Ion transport across the membrane of non-tumour cells may further be decisive for tumour cell survival. For instance, ion channels participate in the regulation of tumour vascularization [8] and ion channels are important for the proliferation and response of immune cells attacking tumour cells [9] .
Tumour-relevant ion channels are upregulated by growth factors and hormones [10] to the extent that a given ion channel is critically important for the survival of a tumour cell, this ion channel may be considered a target for the treatment of the respective tumour [11] . Needless to say, however, that only those channels are clinically applicable for the suppression of tumour growth, which do not serve critically important functions in other cells, for example channels required for cardiac repolarization. Moreover, ion channels may be relevant for the proliferation and survival of cells other than tumour cells.
This short synopsis discusses the significance of Ca 2þ channels, K þ channels, /HCO 3 -exchangers (for reviews, see [35] [36] [37] [38] ) in cell proliferation, cell death, tumour growth and migration, the reader is referred to the respective reviews or original papers. Moreover, the reader is encouraged to read the other contributions of this special issue on this exciting topic. In this review, the case is made that ion channels and & 2014 The Author(s) Published by the Royal Society. All rights reserved.
transporters are indeed critically important for tumour growth and metastasis and are thus potential targets in the treatment of malignancy. In glioma cells, TRPC1 is required for cytokinesis in proliferation and migration [95, 96] In glioma cells, membrane depolarization is apparently required for cell proliferation [5] , as overexpression of Kir4.1 inhibited and blockade of Kir4.1 channels stimulated cell proliferation [103, 104] . On the other hand, the inhibition of Kir channels has been shown to slow down cell proliferation [105, 106] .
Ca 2þ permeable cation channels
A variety of tumour cells express Kv10.1 [107, 108] and/or Kv11.1 channels [109] . Pharmacological inhibition of Kv10.1 interferes with the proliferation and migration of several myeloid leukaemia cell lines and expression of Kv10.1 in myeloid leukaemias was correlated with higher relapse rates and a significantly shorter overall survival [108] . Kv11.1 is similarly important for tumour cell proliferation and survival [106, 109] . K þ channels participate in the machinery regulating cell cycle [110, 111] . K þ channels may affect proliferation further by altering cell volume [5] . Along those lines, cell proliferation may be inhibited by the blockade of the voltage-gated K þ channels Kv1.3 and Kv1.5 [112, 113] or ATP-sensitive K þ channels [111] . Ca 2þ -activated K þ channels, for example KCa1.1, participate in the regulation of migration [5, 114] . Accordingly, KCa1.1 inhibition decreases migration [115] .
. Cellular loss of K þ and organic osmolytes favours apoptosis [4] . The impact of K þ channels on apoptosis depends on the cell type and channel [5, 116] . In glioma cells, the inhibition of outwardly rectifying K þ channels may trigger apoptosis [100, 101] . Moreover, the inhibition of Ca 2þ -sensitive K þ channels may foster apoptosis [117] [118] [119] . On the other hand, sustained K þ channel activity may trigger apoptosis [116, 120] .
Na þ channels
A variety of carcinoma cells express voltage-gated Na þ channels [1,3,10]. Voltage-gated Na þ channels are particularly active in strongly metastatic cells where they appear to stimulate their functional expression thus establishing a positive feedback [10] . The Na þ current through voltage-gated Na þ channels enhances migration, invasion and metastasis in vivo [121] . It is tempting to speculate that the expression of voltage-gated Na þ channels accelerates depolarization with the subsequent more rapid and stronger activation of voltage-gated K þ channels thus increasing the frequency of Ca 2þ oscillations. Beyond that, b subunits of the channels apparently mediate cellular adhesion and process extension [121] . Expression of the Nav1.5a subunit is correlated with poor prognosis in breast cancer [121] . Some evidence points to a decisive role of the hypoxia-sensitive persistent component of the voltage-gated Na þ channel current [1].
Anion channels
Activation of anion channels is followed by the exit of Cl activity [127] . Ano1 expression is excessive in several gastrointestinal stromal tumours [127] . Notably, Ano1 apparently does not support cell proliferation in all cell types [127] and the isoform Ano6 triggers apoptosis rather than proliferation [127] . Cell volume changes have been suggested to modify cell proliferation by affecting cytoskeletal architecture [128] , cell size checkpoints [112] , cytosolic nutrient concentration [112] , gene expression [129] and macromolecular crowding [112, 128] . Macromolecular crowding may in turn be effective by modifying activity of kinases or further signalling molecules [50, 112, 125, 130] .
Not only increased but as well decreased cell volume inhibits cell proliferation [128] . Obviously, proliferating cells have to double their size, membrane and intracellular constituents in order to divide into two daughter cells of the same size as the parent cell.
Anion channels are further important for cell migration [5] . Cl 2 channel inhibitors [131] [132] [133] channel activity depolymerize the cytoskeleton [120, [151] [152] [153] but are presumably too short to activate caspases [154] or to trigger cell membrane scrambling [155, 156] . Moreover, the eventual outcome may depend on the extent of channel activation. The amplitude of TASK-3 K þ channel activity during apoptosis is one order of magnitude higher than the activity of the same channels in tumour cells [157, 158] . Thus, the delicate machinery leading to cell proliferation may turn into triggering of cell death by subtle alterations of temporal organization and extent of channel activity. 
